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1. The following indications appeared on record concerning: 
the applicant 



the inventor 
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the agent 
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the common representative 
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1) ANDO, Toshihiro 2 SATO, Yoichiro 
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1) ANDO, Toshihiro 2 SATO, Yoichiro 
3 YASU, Eiji 4) GAMO, Mika 
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INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JPOO/01863 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI'' C30B29/04 



According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int.Cl'' C30B1/00-35/00 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-2000 

Kokai Jitsuyo Shinan Koho 1971-2000 Jitsuyo Shinan Toroku Koho 1996-2000 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
CAS ONLINE, "diamond, n-type, sulfur" 
JICST FILE 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


JP, 63-302516/ A (Sumitomo Electric Industries, Ltd.), 
09 December, 1988 (09,12.88), 

Claims 1 to 3; page 2, lower right column, lines 15 to 
18; page 3, upper left column, lines 13 to 19; Table 1 
(Family: none) 


1-19 


Y 


JP, 5-24989, A (Sumitomo Electric Industries, Ltd.), 

02 February, 1993 (02.02.93), 

Claim 1; Par. Nos . [0003], [0005], [0010] 

(Family: none) 


1-19 


Y 


JP, 5-17291, A (Matsushita Electric Ind. Co., Ltd.), 
26 January, 1993 (26.01.93), 

Claims 2, 5; Par. Nos. [0007], [0026] to [0027], [0037] 
(Family.: none) 


1-19 


Y 


A, B. Anderson et al . , "Molecular-orbital theory of 
monatomicand diatomic substitutional defects as shallow 
^'type dopants in diamond". Physical Review B, Vol.54, 
No. 20, Nov. 1996, pp. 14341-14348, especially, TABLE HI 


15 



I Further documents are listed in the continuation of Box C. See patent family annex. 



'O" 



Special categories of cited documenu: "T' 
document defining the general state of the art which is not 
considered to be of particular relevance 

earlier document but published on or after the international filing "X** 
date 

document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other "Y** 

special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 
means 

document published prior to the international filing date but later 
than the priority date claimed 



later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underiying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
documeni member of the same patent family 



Date of the actual completion of the international search 
28 April, 2000 (28.04.00) 



Date of mailing of the international search report 
16 May, 2000 (16.05.00) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Fomi P(rr/ISA/210 (second sheet) (July 1992) 



COOPERATION TI 

PCX 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
PCTOIOJST 


irr»D iriiD-ruiTD */-ti/-.m SeeNotificationofTransmittaloflntemational Preliminary 
FOR FURTHER ACTION Examination Report (Form PCTAPEA/4 1 6) 


International application No. 

PCT/JPOO/01863 


International filing date (day/month/year) 
27 March 2000 (27.03.00) 


Priority date {day/month/year) 

26 March 1999 (26.03.99) 


International Patent Classification (IPC) or national classification and IPC 
C30B 29/04, HO IL 21/205, COIB 31/06 


Applicant 

JAPAN SCIENCE AND TECHNOLOGY CORPORATION 



1. This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



This REPORT consists of a total of 



. sheets, including this cover sheet. 



This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority (see 
Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of 



sheets. 



This report contains indications relating to the following items: 
Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 



I 


I2SI 


II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 


□ 


VIII 


□ 



Date of submission of the demand 

- 17 July 2000 (17.07.00) 


Date of completion of this report 

05 March 2001 (05.03.2001) 


Name and mailing address of the IPEA/JP 
Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/IPEA/409 (cover sheet) (July 1998) 



INTERNATIONAL PREL 



RY EXAMINATION REPORT 



Ipjgniational application No. 

PCT/JPOO/01863 



J. Basis-«f the report 



1. With regard to the elements of the international application:* 
I I the international application as originally filed 

1^ the description: 

pages 1-2,6-15 

pages 

pages 



, as originally filed 
, filed with the demand 



3-5 



filed with the letter of 20 December 2000 (20.12.2000) 



the claims: 

pages 

pages 

pages 

pages 



, as originally filed 

, as amended (together with any statement under Article 19 

, filed with the demand 



1-7 



filed with the letter of 20 December 2000 (20.12.2000) 



the drawings: 

pages 

pages 

pages 



1-13 



, as originally filed 
, filed with the demand 



filed with the letter of 



I I the sequence listing part of the description: 

pages 

pages 

pages 



, as originally filed 

filed with the demand 



filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language . which is: 

I I the language of a translation furnished for the purposes of international search (under Rule 23 . 1 (b)), 
I I the language of publication of the international application (under Rule 48.3(b)). 

I I the language of the translation furnished for the purposes of international preliminary examination (under Rule 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

contained in the international application in written form. 

filed together with the international application in computer readable form. 

furnished subsequently to this Authority in written form. 

furnished subsequently to this Authority in computer readable form. 

The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 



□ 
□ 
□ 
□ 
□ 

□ 



The amendments have resulted in the cancellation of: 

I I the description, pages 

^ the claims, Nos. 8:19 

I I the drawings, sheets/fig 



I I This report has been established as if (some of) the amendments had not been made, since they have been considered to go 

* " — ' beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to 
in this report as "originally filed" and are not annexed to this report since they do not contain amendments (Rule 70.16 
and 70.17). . 

** Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this report. 



Form PCT/IPEA/409 (Box I) (July 1998) 



. INTERNATIONAL PRELI 



Y EXAMINATION REPORT 



International application No. 



P 00/01863 



ft 



Rensoned statement under Article 35(2) with regard to novelty, inventive step or Industrial applicability; 
citations and explanations supporting such statement 



1 . Statement 

Novelty (N) 

Inventive step (IS) 
Industrial applicability (lA) 



Claims 
Claims 

Claims 
Claims 

Claims 
Claims 



1-7 



1-7 



1-7 



YES 
NO 
YES 
NO 

YES 
NO 



Document 2 : 



Document 3 : 



Document 4 



Citations and explanations 

Document 1: JP, 63-302516, A (Sumitomo Electric 

Industries, Ltd,)/ 9 December 1988 
(09.12.88) (Family: none) 
JP, 5-24989, A (Sumitomo Electric 
Industries, Ltd.), 2 February 1993 
(02 . 02 . 93) (Family: none) 

JP, 5-17291, A (Matsushita Electric Ind. 
Co., Ltd.), 26 January 1993 (26.01.93) 
( Family: none) 

Alfred B. Anderson et al., "Molecular- 
orbital theory of monatomic and diatomic 
substitutional defects as shallow n-type 
dopants in diamond". Physical Review B, 
Vo. 54, No, 20, 15 November 1996, pp. 
14341-14348 

Claims 1 and 2 

The invention described in Claims 1 and 2 involves 
an inventive step in the light of the documents cited in 
the international search report. 

Documents 1-4 do not disclose n-type semiconductor 
diamonds wherein the atoms of the n-type impurity in the 
n type semiconductor diamond are sulphur atoms, and these 
sulphur atoms form a single donor level- of 0.38 eV, with 
crystalline integrity such that the temperature dependence 



Form PCT/IPEA/409 (Box V) (January 1994) 



INTERNATIONAL PRELIMjHkRY EXAMINATION REPORT 



^I^I J^RY EXAMINATION REPORT ^^^j^ 



International application No. 

rp 00/01863 



•^of mobility at temperatures (T) upwards of room 
temperature is T"^^^, crystalline integrity giving a single 
Raman spectrum with a half value amplitude of 2 . 6 cm'\ 
crystalline integrity showing exciton photogenerat ion and 
crystalline integrity showing a clear Kikuchi pattern on 
reflection electron beam diffraction", and these features 
could not be easily deduced by a person skilled in the art 
from the values for electron mobility and S concentration 
in Table 1 of Document 1. 

Claims 3-7 

The invention disclosed in Claims 3-7 involves an 
inventive step relative to the documents cited in the 
international search report. 

Documents 1-4 do not disclose a method for 
fabricating an n-type semiconductor diamond in which ''the 
diamond substrate is mechanically polished to form an 
inclined substrate and the surface of this substrate is 
given a smoothing treatment; and an n-type semiconductor 
diamond is grown epitaxially on the aforementioned 
smoothed substrate by exciting a gaseous starting material 
comprising a volatile hydrocarbon, a sulphur compound and 
gaseous hydrogen with microwave plasma while maintaining a 
set substrate temperature. Moreover, by this means, the 
present invention offers the advantageous effect that it 
gives diamonds with sufficient crystalline integrity to be 
usable as n-type semiconductor electronic devices. 
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PATENT COOPERATION TRSif FY 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
PCT-1 11-00 


SeeNotificationofTransmittaloflntemational Preliminary 
FOR FURTHER ACTION Examination Report (Form PCT/IPEA/416) 


International application No. 

PCT/JPOO/01865 


International filing date (day/month/year) 
27 March 2000 (27.03.00) 


Priority date {day/month/year) 

30 March 1999 (30.03.99) 


International Patent Classification (IPC) or national classification and IPC — ^ ^ l\ C Q 
HOIL 21/3065, 21/768, B81C 1/00 ritv/^*^ ^'^^ 

NOV 0 9 


Applicant 


CITIZEN WATCH CO., LTD. 


TC 1700 



This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



This REPORT consists of a total of 



sheets, including this cover sheet. 



This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority (see 
Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of _ 



sheets. 



This report contains indications relating to the following items: 
Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 



I 




II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 


□ 


VIII 


□ 



Date of submission of the demand 

25 August 2000 (25.08.00) 


Date of completion of this report 

01 March 2001 (01.03.2001) 


Name and mailing address of the IPEA/JP 
Facsimile No. 


Authorized officer 
Telephone No, 



Form PCT/IPEA/409 (cover sheet) (July 1998) 



Rtemational application No. 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT I PCT/JPOO/01865 



Basis of the report 



1. With regard to the elements of the international application:* 
[ I the international application as originally filed 

the description: 

pages 



pages 
pages 



J _25 , as originally filed 

, filed with the demand 



, filed with the letter of 



the claims: 

pages 

pages 

pages 

pages 



2-4,7,9,10,13-19,22,24 . as originally filed 

, as amended (together with any statement under Article 19 
~ , filed with the demand 



1,5,6,12,23 _, filed with the letter of 30 January 2001 (30 01.2001) 



the drawings: 

pages 

pages 



l_51 , as originally filed 

, filed with the demand 



pages , filed with the letter of 

I I the sequence listing part of the description: 

pages , . 



pages 



, as originally filed 

_, filed with the demand 



pages , filed with the letter of 



2 With regard to the language, all the elements marked above were available or furnished to this Authority in the language m which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language _ wnicn is. 

I I the language of a translation furnished for the purposes of international search (under Rule 23.1(b))- 
I I the language of publication of the international application (under Rule 48.3(b)). 

I I the language of the translation fiimished for the purposes of international preliminary examination (under Rule 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

I I contained in the international application in written form. 

I I filed together with the international application in computer readable form. 

I I furnished subsequently to this Authority in written form. 

I I furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 

The amendments have resulted in the cancellation of: 
I I the description, pages 



„ the claims, Nos. 8.11.20.21 

I I the drawings, sheets/fig 



□ This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation ^^'^ ;f ''^j^^^^^^^ 

in this report as " originally filed" and are not annexed to this report since they do not contain amendments (Rule 70 J 6 
and 70 J 7). 

** Any replacement sheet containing such amendments must be referred to under item I and annexed to this report 
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V. Reasoned statement under Article 35(2) with regard to novelty. Inventive step or Industrial applicability; 
citations and explanations supporting such statement 



1 . Statement 

Novelty (N) Claims 1-7,9,10,12-19,22-24 YES 

Claims NO 

Inventive step (IS) Claims 1 -7,9, 10,12-1 9,22-24 YES 

Claims NO 

Industrial applicability (I A) Claims 1-7,9,10,12-19,22-24 YES 

Claims NO 



2. Citations and explanations 

Document 1: JP, 9-172068, A (NEC CORPORATION), 30 June 1997 

Document 2: EP, 0783178, A (TOSHIBA CORPORATION), 29 August 1996 
Document 3: US, 5461003, A (TEXAS INSTRUMENTS), 24 October 1995 

Concerning Claims 1-7, 9, 10, 12-19, 22 

The subject matter of claims 1-7, 9, 10, 12-19, and 22 appears to involve an inventive step 
with regard to documents 1-3 cited in the ISR. 

A specific pressure when performing plasma selective etching — namely, pressure in the range 
100-1500 Pa specified in the present invention — is not described in any of documents 1-3. This 
point does not appear to be easy for a person skilled in the art to conceive because there are 
restrictions on the combination of plasma selective etching using a reaction gas that includes 
oxygen or oxygens atom and a conductive resin and an insulating material whose main 
component is tantalum oxide or silicon oxide formed on a resin material. 

Concerning Claims 23, 24 

The subject matter of claims 23 and 24 appears to involve an inventive step with regard to 
documents 1 -3 cited in the ISR. 

Using a pressure of 100-1500 Pa in plasma reactive etching and forming a film of porous 
material using inclined vapor deposition of silicon dioxide atop a sacrifice layer is not described 
in any of documents 1-3, and does not appear to be easy for a person skilled in the art to 
conceive. 
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Also, there has recently been proposed an n-type diamond 
semiconductor having atoms of a valence number of 5 or more added 
thereto as donor atoms. See JP P 10-194889 A, However, a 
phosphorus added n-type semiconductor diamond applicable to a 
5 semiconductor electronic device has remained unrealized and a 
method of its making has become a problem awaiting solution. 

This invention is aimed to solve such problems encountered in 
the prior art and has for its first object to provide a method that 
enables making an n-type semiconductor diamond of a perfect 
10 crystallinity that is applicable to a semiconductor electronic device. 

The present invention also has for a second object to provide 
an n-type semiconductor diamond which having a perfect crystallinity 
is applicable to a semiconductor device. 

15 Summary of the Invention 

In order to achieve the first object mentioned above, there is 
provided in accordance with the present invention, a method of 
making an n-type semiconductor diamond which comprises: 
mechanically polishing a diamond substrate to make it an inclined 

20 substrate; subjecting a surface of the inclined substrate to a 
smoothening treatment to make it even; exciting a raw material gas 
made of a volatile hydrocarbon compound, a sulfur compound and a 
hydrogen gas by a microwave plasma while maintaining at a given 
temperature the diamond substrate surface smoothened as aforesaid 

25 to cause n-type semiconductor diamond to grow epitaxially on the 
surface smoothened substrate. 

For the diamond substrate, use is made of a diamond (100) face 
oriented substrate. 

Also, the inclined substrate is formed by mechanically 

30 polishing a diamond (100) face oriented substrate so that its face 
normal is inclined at an angle in a range between 1.5 degree and 6 
degrees with respect to its <100> direction in a plane made by 
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either its <100> and <010> directions or its <100> and <001> 
directions. 

Also, it is desirable that the surface smoothening treatment 
should comprise either a treatment in which the inclined substrate is 
exposed to a hydrogen plasma or a treatment in which it is exposed to 
an oxidizing flame such as an acetylene combustion flame. 

Such a treatment as mentioned above smoothens the substrate 
surface in an atomic order and gives rise to a surface having (100) 
faces laid stepped consecutively each in an order of an atomic layer. 

Also, the hydrogen plasma exposure treatment includes a 
treatment of exposing the inclined substrate to the hydrogen plasma 
of a hydrogen pressure of 10 to 50 Torr and a microwave output of 
200 to 1200 W at a substrate temperature of 700 to 1200"C for a 
period of 0.5 hour to 5 hours. 

Further, the said given substrate temperature lies in a range 
between 700 and llOO'C, preferably at 830°C, 

Also, it is desirable that the volatile hydrocarbon compound as 
a component of the raw material gas is an alkane or an alkene. 
Preferably, the alkane is methane, ethane or propane, and the alkene 
is ethylene or propylene. 

Also, the sulfur compound as a component of the raw material 
gas is preferably hydrogen sulfide or carbon disulfide. Alternatively, 
it may be an organic sulfur compound and, for example, lower alkyl 
mercaptan is suitable. 

Also, in a method of making an n-type semiconductor diamond 
according to the present invention, the raw material gas may be made 
of methane of a concentration of 0.1 % to 5 %, hydrogen sulfide of a 
concentration of 1 ppm to 2000 ppm and hydrogen and, while being 
drawn at a rate of flow of 200 ml • min"^ under a pressure of 30 to 60 
Torr, it can be excited by the microwave plasma having a microwave 
frequency of 2.45 GHz and a microwave output of 300 to 400 W. 

A method of making an n-type semiconductor diamond 



according to the present invention as described above enables 
making an n-type semiconductor diamond that has the n-type 
electrical conductivity, the characteristic found where carriers are 
supplied from a single donor level and that is large in mobility and 
5 has crystal defect reduced to minimum. 

In order to achieve the second object mentioned above, the 
present invention also provides an n-type semiconductor diamond as 
made by a method as mentioned above wherein it has impurity atoms 
comprising sulfur atoms forming a donor level of 0.38 eV. 
1° Further, such an n-type semiconductor diamond has a perfect 

crystallinity such that the carrier mobility of the material at a 
temperature T range in excess of the room temperature has a 
temperature dependency as T^'^ dependent, and is applicable to a 
semiconductor electronic device. 
^5 Further, such an n-type semiconductor diamond has a perfect 

crystallinity such that a light emission by free and a light emission by 
bound excitons are observable, and is applicable to a semiconductor 
electronic device. 

Further, such an n-type semiconductor diamond has a perfect 
20 crystallinity such that at a room temperature it has a carrier 
concentration not less than 1.4x10^^ cm'^ and a carrier mobility not 
less than 580 cm2V-^s-\ and is applicable to a semiconductor 
electronic device. 

Further, such an n-type semiconductor diamond has a perfect 
25 crystallinity such that it has a diamond peak in its Raman spectrum, 
whose half width is not more than 2.6 cm 

Therefore, using an n-type semiconductor diamond in 
combination with the conventional p-type semiconductor diamond 
fabrication technique makes it possible to form a pn junction having 
30 excellent characteristics, to industrially manufacture a 
semiconductor electronic device from semiconductor diamond thin 
films, and to realize manufacture of small, high power devices, high 
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output, high frequency devices and high temperature operatin 
devices and so forth, and is applicable to a semiconductor electroni 
device. 



Prief Description of the Drawings 

The present invention will better be understood from the 
following detailed description and the drawings attached hereto 
showing certain illustrative forms of embodiment of the present 
invention. In this connection, it should be noted that such forms of 
embodiment illustrated in the accompanying drawings hereof are 
intended in no way to limit the present invention but to facilitate an 
explanation and understanding thereof. 

In the drawings: 
With respect to the first object: 

Fig. 1 is a diagrammatic view showing a substrate surface 
state according to a substrate pre-treatment in an embodiment 
illustrated; 

Fig. 2 is an inter-atomic force microscopic (AMF) photograph 
of a substrate surface configuration according to the substrate pre- 
treatment in the embodiment illustrated; 

Fig. 3 is an optical-microscopic photograph comparing the 
surface configuration of a substrate subjected, and that of a substrate 
not subjected, to the substrate pre-treatment in the embodiment 
illustrated, each of which substrates thereafter had an epitaxial 
growth of sulfur-doped, n-type semiconductor diamond thereon; 

Fig. 4 is a schematic view of a microwave plasma CVD 
apparatus used in the embodiment illustrated; and 

Fig. 5 is a listing showing conditions for sulfur-doped, n-type 
semiconductor diamond epitaxial growth in the embodiment 
illustrated; 

With respect to the second object: 

Fig. 6 is a diagram showing the temperature dependency of the 
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(54)TitIe: N-TYPE SEMICONDUCTOR DIAMOND AND ITS FABRICATION METHOD 
(57) Abstract 

A substrate (15) is polished into an inclined substrate 



and is exposed to a hydrogen plasma so diat it is smoothed. 
This substrate (15) is heated under control to a surface 
temperature of 830 ^'C, and a mixed gas containing 1 % of 
methane, 50 ppm of hydrogen sulfide and hydrogen is 
introduced at a rate of 200 ml/rain, into a reaction tube (7). A 
microwave plasma (19) is produced to grow n-type 
semiconductor diamond epitaxially over the substrate 
(15).Thus, there is fabricated a sulfiir-doped n-type 
semiconductor diamond having a high mobility, a high quality, 
and a single donor level of an activation energy of 0.38 eV. 
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